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2 (57) Abstract: A tunable Fabry-Perot vertical cavity photonic device and a method of its fabrication are presented. The device 
comprises top and bottom semiconductor DBR stacks and a tunable air-gap cavity therebetween. The air-gap cavity is formed within 
Q a recess in a spacer above the bottom DBR stack. The top DBR stack is carried by a supporting structure in a region thereof located 
J>. above a central region of the recess, while a region of the supporting structure above the recess and outside the DBR stack presents 
^ a membrane deflectable by the application of a tuning voltage to the device contacts. 
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A Micro-electromechanically Tunable Vertical Cavity Photonic 
Device and a Method of Fabrication Thereof 



FIELD OF THE INVENTION 

The present invention is generally in the field of semiconductor 
optoelectronic devices, and relates to micro-electromechanically tunable vertical 
cavity photonic devices, such as filters and lasers, and a method of their fabrication. 

5 BACKGROUND OF THE INVENTION 

Tunable optical filters and tunable Vertical Cavity Surface Emitting Lasers 
(VCSELs) based on micro-electromechanical Fabiy-Perot filter technology have 
recently generated considerable interest in the art. This is due to the fact that these 
devices present low cost alternatives to standard tunable filters, lasers and 

10 photodetectors which normally are high cost components, and for this reason, 
cannot be used in emerging wavelength division-multiplexing (WDM) local area 
networks systems which are very cost sensitive. 

A micro-electromechanical tunable vertical cavity device operating in a 
specific wavelength range represents a Fabry-Perot cavity formed between two 

15 distributed Bragg reflectors (DBRs) that have high reflectivity values in this 
specific wavelength range. The Fabry-Perot cavity incorporates a tunable air gap 
cavity with a thickness of about a number of half-wavelengths. Normally, the top 
DBR is suspended on a micro-mechanical cantilever (or a number of micro-beams) 
above the air gap and can be deflected by changing the electric field in the air-gap 

20 cavity. This changes the wavelength of resonance of the Fabry-Perot cavity. The 
higher the reflectivity of the DBRs, the narrower the linewidth of the transmission 
wavelength in a tunable filter. Lower threshold gain and higher selectivity are 
achieved, respectively, in tunable VCSELs and resonant photodetectors. 
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Semiconductor based DBRs, which have low optical absorption, good 
thermal conductivity and reflectivity values in excess of 99.5%, are widely used in 
the art for the fabrication of different types of micro-electromechanically tunable 
vertical cavity devices. 

5 US Patent 577 1253 *discloses a tunable VCSEL device based on the 

micro-electromechanical Fabry-Perot filter technology which comprises an 
electrically deflectable cantilever, a top and bottom DBR and a multiquantum well 
(MQW) region. The MQW well region is situated between a bottom DBR and a top 
reflector consisting of a partial DBR situated on top of the MQW, an air-gap and a 

10 moveable DBR situated on the cantilever. An oxide layer is situated in the partial 
DBR to provide lateral electrical and optical confinement in the active region. 

The article "Widely and continuously tunable micromachined resonator 
cavity detector with wavelength tracking'* M.S. Wu, E.S. Vail, G.S. Li, W. Yuen 
and C.J. Chang-Hasnain, ffiEE Photon. Technol. Lett., 8, (1996), No 1, pp. 98-100, 

15 discloses a tunable photodetector based on the micro-electromechanical 
Fabry-Perot filter technology which comprises an electrically deflectable cantilever, 
top and bottom DBR stacks and a photodetector region situated between top and 
bottom DBRs. 

The article "GaAs Micromachined Widely Tunable Fabry-Perot Filters", 
20 ;E.C. Vail et al., Electronics Letters Online, Vol. 31, No. 3, 1995, pp. 228-229, 
discloses a process of fabrication of a tunable optical filter of the kind specified. 
First, a monolithic structure is formed consisting of top and bottom DBRs separated 
by a sacrificial layer. Then, the top DBR is structured by etching it completely in 
unmasked regions until reaching the sacrificial layer. This process is followed by 
25 selectively etching the sacrificial layer in unmasked regions and under the top DBR 
and supporting cantilever. This results in that the top DBR is suspended above the 
bottom DBR and in an air gap between the top and bottom DBRs having a 
thickness approximately equal to the thickness of the sacrificial layer. The 
remaining part of the sacrificial layer fixes the cantilever at its base. 
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AU cantilever-based devices have a complex fabrication process and are 
mechanically unstable, which results in a low fabrication yield. These devices are 
also difficult to optimize: if the cantilever is longer than \QQ\xm, the mechanical 
instability drastically increases. In case of shorter cantilevers, the flexibility is 
5 reduced, resulting in the necessity to decrease their thickness. This results in the 
reduction of the number of pairs in the top DBR stack, and consequently, in inferior 
device parameters. 

A different technique of fabrication of an electrically tunable optical filter is 
disclosed in US Patent No. 5,739,945 and in the article "Widely Tunable 

io Fabry-Perot Filter Using Ga(Al)As-A10 x Deformable Mirrors 5 * P. Tayebati et al., 
IEEE Photonics Technology Letters, Vol. 10, No. 3, 1998, pp. 394-396. According 
to this technique, the low index AlGaAs layers of a conventional mirror stack 
consisting of GaAs and AlGaAs layers is substituted with oxidized AlGaAs layers 
or air gaps. Although this technique provides quite good results, i.e., the tuning 

15 range of 70nm around 1.5(jm was obtained by applying a voltage of 50V, the 
fabrication process is very complex and the device structure obtained with this 
technique is even more mechanically unstable than standard cantilever-type 
devices. 

SUMMARY OF THE INVENTION 

20 There is accordingly a need in the art to improve micro-electromechanically 

tunable vertical cavity photonic devices by providing a novel device structure and 
fabrication method. 

The main idea of the present invention consists in replacing cantilevers and 
beams which support top DBRs in the prior art devices of the kind specified by a 

25 membrane, which completely covers an air-gap cavity and carries the top DBR 
stack, which is situated in the center of the membrane. The air-gap is incorporated 
in an etched-through recess in a spacer which is blocking the current flow when 
applying a voltage to the device contacts to deflect the membrane. Membrane 
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deflection results in tuning the air-gap cavity and, as a consequence, the resonance 



The above is implemented in the following manner: First, the surface of a 
spacer is structured by etching a recess through it. Then, a supporting structure, on 

5 which a DBR is located, is bonded to the structured surface of the spacer. This is 
followed by etching the DBR till reaching the supporting region, thereby forming a 
mesa of the top DBR stack. The mesa is centered around a vertical axis passing 
through the center of the recess and has the lateral dimension less than that of the 
recess. A region of the supporting structure outside the top DBR stack (mesa) and 

io above the recess presents the membrane. 



The membrane is, on the one hand, very flexible (having the thickness of 



therefore mechanically stable, resulting in a high fabrication yield. The top DBR 
can be made of a large number of layers without affecting the flexibility of the 
15 membrane and providing a narrow linewidth of transmitted light. By forming an 
island of high refractive index material in the way of the optical beam inside the 
optical cavity of the device, the position of the beam during the tuning process is 
stabilized. 



Thus, according to one aspect of the present invention, there is provided a 



semiconductor DBR stacks separated by a tunable air-gap cavity and a supporting 
structure that carries the top DBR stack, wherein the air-gap cavity is located within 
a recess formed in a spacer completely covered by the supporting structure, the top 
DBR stack being centered around a vertical axis passing through the center of said 
25 recess and having a lateral dimension smaller than the lateral dimension of the 
recess, a region of the supporting structure above the recess and outside the top 
DBR stack presenting a membrane to be deflected by application of a tuning 
voltage to electrical contacts of the device. 



According to another aspect of the present invention, there is provided a 



30 method of fabrication of a Fabry-Perot tunable vertical cavity device comprising 



wavelength of the device. f 



about lfim), and, on the other hand, is continuous in the lateral direction, and is 



20 



;f abry-Perot . tunable vertical cavity device comprising top and bottom 
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top and bottom DBR stacks with a tunable air-gap cavity therebetween, the method 
comprising the steps of: 

(i) forming a spacer above the bottom DBR stack; 

(ii) fabricating an etched-through recess in the spacer, thereby 
5 forming a structured surface of the spacer, said recess presenting a 

location for said tunable air-gap cavity; 

(iii) bonding a top DBR wafer including a supporting structure 
to the structured surface of the spacer in such a way that said supporting 
structure faces said structured surface of the spacer and completely 

10 covers said recess, thus forming the air-gap cavity, and selectively 

etching a substrate on which layers of the top DBR were grown; 

(iv) forming the top DBR stack above a central region of said 
recess and a membrane above said recess outside said top DBR stack, by 
etching the layers of the top DBR till reaching the supporting structure 

15 so as to define a mesa presenting said top DBR stack having a lateral 

dimension smaller than the lateral dimension of said recess and being 
centered about a vertical axis passing through the center of said recess, a 
region of the supporting structure above said recess and outside said 
mesa presenting said membrane deflectable by application of a tuning 
20 voltage to electrical contacts of the device. 

In order to confine the optical mode of transmitted or emitted light, a mesa 
can be formed on the bottom of the recess being centered around the vertical axis 
passing through the center of the recess and having the lateral size of less than 10 
and height of less than 1/30 of the device operation wavelength. 
25 The spacer region can be placed on top of the bottom DBR, in which case 

the device presents a tunable optical filter. In the case of tunable VCSELs and 
tunable resonant photodetectors, an active cavity material is placed between the 
spacer and the bottom DBR. 

The top DBR stack may comprise pairs of layers of Al x Gai. x As with 
30 different values of x, and the supporting structure and the bottom DBR stack may 
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also comprise the same pairs of layers as in the top DBR stack. The spacer may 



tunable filter, the spacer may comprise the same pairs of layers as in the bottom 
DBR with alternating n- and p-type doping. In the case of tunable VCSELs and 
5 tunable resonant photodetectors, the spacer may comprise layers grown in the same 
material system as layers in the active cavity material stack with alternating n- and 
p-type doping. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be carried out in 
10 practice, several embodiments will now be described, by way of non-limiting 
examples only, with reference to the accompanying drawings, in which: 

Fig. 1 illustrates an example of a tunable optical filter device according to 
the present invention; 



is Fig. 3 illustrates an example of a tunable VCSEL device according to the 

present invention; and 

Figs. 4 and 5 illustrate the fabrication of the tunable VCSEL device of Fig. 

3. 

DETAILED DESCRIPTION OF THE INVENTION 

20 Referring to Fig. 1, there is schematically illustrated a tunable vertical cavity 

device, generally designated 10, constructed according to one embodiment of the 
present invention. The device 10 is designed like a Fabty-Perot vertical cavity 
based device, having two semiconductor DBRs 12a and 12b, and an air-gap cavity 
14 therebetween, and presents a tunable optical filter. The air-gap cavity 14 is 

25 located within an etched-through recess 16 formed in a spacer 17, which is located 
on top of the bottom DBR 12b and is completely covered by a supporting structure 
18, which carries the top DBR stack 12a. The top DBR stack 12a is located on a 
region 18a of the supporting structure 18 so as to be centered around a vertical axis 



comprise* layers with alternating n-type and p-type doping. In the case of the 



Fig. 2 illustrates the fabrication of the filter device of Fig. 1; 
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" 13. The method according to Claim 8, and also comprising formation of an 
active cavity material between the bottom DBR stack and the spacer. 

14. The method according to Claim 13, wherein the formation of the active 
cavity material comprises the steps of growing a multiquantum well layer stack 
5 sandwiched between two cladding layers. 
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Fig. 1. 
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Fig. 2. 
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Fig. 4. 
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Fig. 5. 
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